Poly A-containing RNA enriched 1n prolactin-coding sequences was isolated from female rat pituitaries after Induction with diethylstilbesterol. Double stranded cDNA was synthesized from this RNA and inserted into plasmid pBR322 at the Pst I site via the poly(dG):poly(dC) tailing method. E. coli was transformed with this DNA and the recombinant plasmid in one of •tfie transformants characterized in detail. About half of its 900 base pair cDNA insert was sequenced. The DNA sequence is consistent with most of the reported amino acid sequence of rat preprolactin. In addition, the recombinant plasmids 1n two of the other transformants appear to contain growth hormone coding sequences.
INTRODUCTION
The polypeptide hormone prolactin is synthesized and secreted by specialized cells of the pituitary. The physiological regulation of prolactin involves both estrogenic steroids and hypothalamic hormones. Recent studies have demonstrated that estrogens are potent stimulators of prolactin synthesis both in vivo (1) and in vitro (2). The mechanism involved 1n the estrogenic stimulation of prolactin synthesis Includes an accumulation of prolactin mRNA in the pituitary (3). Hypothalamic regulators of prolactin production Include thyrotropin releasing hormone which has been shown to increase prolactin synthesis and the cellular content of prolactin mRNA (4,5,6).
Accumulation of prolactin mRNA may be due to changes in the transcription of the prolactin gene and/or to altered processing or degradation of the gene transcripts. Analysis of the synthesis, processing and degradation of prolactin mRNA will require the availability of the appropriate homogeneous molecular hybridization probes. Recombinant DNA technology is one approach which can be used to obtain homogeneous DNA probes complementary to prolactin mRNA.
We report here the in vitro construction and amplification in bacteria of recombinant ONA containing the structural gene sequence of prolactin. A partial sequence of the cloned DNA has been determined and aligned with the reported amino acid sequence of preprolactin.
MATERIALS AND METHODS
mRNA isolation and cDNA synthesis. Female, Fisher 344 rats received subcutaneous implants of 0.05 g paraffin containing 202 (w/w) diethylstilbestrol and six weeks later the rats were killed. Total pituitary RNA was isolated by sedimentation through 5.7 M CsCl (7). Pituitary messenger RNA was partially purified by oligo(dT)-cellulose chromatography and sedimentation through 5-20% sucrose gradients (8) . The biological activity of RNA fractions was examined by translation in wheat germ extracts and specific immunoprecipitation (9) . ). The reaction was incubated at 40 C for 20 min. Then the reaction was made 1% in sarkosyl, 10 mM EDTA and phenol extracted and chromatographed on a 0.7 x 10 cm column of Sephadex G-50 equilibrated with 0.01 M Tris-HCl, pH 7.4, 0.1 M NaCl, 1 mM EDTA. Fractions eluting in the void volume were pooled, made 0.1 M in NaOH and incubated at 65 C for 30 min. After neutralization, the cDNA was ethanol precipitated. Aliquots of the cDNA were made 0.05 H Tris-HCl, pH 7.5, 5 mM MgCl 2 and 1 mM DTT and 1 unit of Hae III restriction enzyme was added. Samples were incubated at 37 C for 0.5 hour, made 0.2J in sarkosyl, 10 mM EDTA and electrophoresed on 4.5* polyacrylamide gels 1n Tris-borate-EDTA buffer (10) .
Undigested single stranded cDNA was used to direct the synthesis of a second strand in a 0.1 ml reaction containing 0.05 M Tris-HCl, pH 8.3, 30 mM KC1, 8 mM MgCl 2 , 0.4 mM each of dATP, TTP, dGTP, 0.1 mM dCTP (4 Ci/mmole), 5 mM dithiothreitiol and 50 units of AMV reverse transcriptase. The reaction was Incubated for 2 hours at 40 C and then phenol extracted and chromatographed on Sephadex G-50 as described above. After ethanol precipitation the DNA was dissolved in 0.1 ml of 0.03 M sodium acetate, pH 4.6, 0.3 M NaCl, 1 mM ZnS0 4 , and 200 units of SI nuclease (Miles) and incubated at 37 C for 0.5 hour. The double stranded cDNA was phenol extracted and ethanol precipitated.
Recombinant DNA piasmid construction and transformation. The purified EK 2 plasmid vector pBR322 (11,12) was cleaved with the restriction enzyme Pst I (BioLabs, Inc.) at the single cleavage site within the gene that codes for ampicillin resistance. The Pst I-pBR322 DNA was phenol extracted, ethanol precipitated and redissolved to a concentration of 120 yg/ml in the cobalt-cacodylate buffer system of Roychoudhury et^ aj_., (13) The hybrid DNA molecules were used without further purification to transform the EK 2 £. coli strain x!776 to tetracycline resistance. The transformation procedure was exactly as described by Curtiss e_t aj_., (14) except that the log-phase cells were initially washed with 250 mM KC1 instead of 10 mM NaCl. Control transformations with super-coiled pBR322 yielded about 200,000 transformants/yg DNA. All bacteria containing recombinant DNAs were grown, isolated and lysed in a P3 containment laboratory in accordance with the N.I.H. Guidelines for Recombinant DNA Research. in jvtu^ colony filter hybridization. The procedure was a simplified version of the original Grunstein and Hogness procedure (15) . Individual bacterial colonies were stamped onto nitrocellulose filters placed on top of nutrient agar containing 12.5 yg/ml tetracycline in a Petri dish. The cells were allowed to grow overnight at 37 C. The nitrocellulose filters were placed for 7 min at room temperature on top of 2 thickness of 3 MM paper soaked in 0.5 N NaOH, then twice for 2 min each on top of 3 MM paper soaked in 1 M Tris-HCl. pH 7.4, followed by 4 min on 0.5 M Tris-HCl, pH 7.4 and 1.5 M NaCI. The nitrocellulose filters were then placed on top of a circle of Whatman No. 1 filter paper in a buchner funnel and washed gently with about 100 ml 952 ethanol. After baking at 80 C for 2 hours, the filters were incubated for 6 hours at 65 C in the DNA/DNA hybridization buffer of Denhardt (16) followed by incubation with 400,000 cpm of [ P]-cDNA in the Denhardt buffer for 15 hours at 65 C. The filter was washed 5 times for 15 min each with 0.3 M NaCI and 0.03 M Na citrate (2 x SSC) at 45 C. It was then wrapped in plastic-wrap and placed in contact with Kodak Chronex 4 X-ray film with a Dupont Chronex lightning plus intensifying screen for autoradiography at room temperature or at -70 C.
Restriction Enzyme Analysis. Purified DNAs were digested with various restriction enzymes according to protocols available from either New England Biolab or Bethesda Research Laboratories, Inc., the commercial sources from which the restriction enzymes were purchased. The restriction enzyme fragments were ressolved on 3.5% or 6% polyacryamide gels (17) . (18) were used.
DNA Sequence Analysis. The chemical modification and cleavage reactions of Maxam and Gilbert

RESULTS
Characterization of the mRNA.
Poly(A)-containing RNA from pituitaries of estrogen treated rats was sedimented through sucrose gradients and the prolactin mRNA activity determined by cell-free translation followed by specific immunoprecipitation with anti-prolactin ( Figure 1 ). Functional prolactin mRNA sedimented at about 12S and accounted for about 70S of the total messenger RNA activity in these fractions. Using similar fractionation techniques, 12S RNA enriched in growth hormone messenger activity was obtained from the pituitaries of male rats. In this RNA, growth hormone messenger accounted for about 30? of the total activity and prolactin messenger accounted for about 6% of the total.
Pooled 12S RNA was used as a template for the synthesis of single stranded [ P]-cDNA as described in Methods and Materials. The cDNA was cleaved with the restriction endonuclease, Hae III, and analyzed by autoradiography after electrophoresis on polyacrylamide gels ( Figure 2 ). The studies of Seeburg e_t al_., (19, 20) have shown that restriction nuclease cleavage of complex mixtures of cDNA can yield unique DNA fragments which can be used as specific hybridization probes. Digestion of cDNA synthesized from mRNA enriched in either prolactin or growth hormone mRNA results 1n several dis- crete DNA fragments. These major discrete DNA fragments are likely derived from prolactin mRNA (lane A) and growth hormone mRNA (lane B). The two DNA fragments Indicated by the arrows were eluted from isolated gel pieces and subsequently used to identify cloned DNA sequences. Cloning of prolactin-enriched cDNA.
The prolactin-enriched single-stranded cDNA (see F1g. 2, Lane C) was converted to duplex form by a second reaction using reverse transcriptase. The hairpin loop at one end was then opened by digestion with S-| nuclease and an average of 142 dCMP residues added to the 3'-termini by terminal deoxynucleotidyl transferase.
Plasmid pBR322 has a single Pst I cleavage site near the 3'-term1nus of the ampicillin-resistance gene (12) . However, the Insertion of foreign DNA at this site does not always destroy the enzymatic activity of the penidllinase enzyme coded for by this gene (27) . Therefore, transformants containing pBR322 with foreign DNA inserted at the Pst I cleavage site were initially selected only on the basis of tetracycline resistance. The cleavage site recognized by Pst I can be regenerated by (i) poly (dG) addition to the extended 3'-ends which result from Pst cleavage, followed by (ii) annealing to poly (dC) tails of the foreign DMA. When the resultant boundary gaps in the recombinant DMA is repaired by enzymes in the transformed cell, two Pst sites are usually regenerated. Therefore the foreign DNA insertion in the purified recombinant olasmid can be cleaved out by digestion with Pst I.
Terminal deoxynucleotidyl transferase does not catalyze dGMP addition to 3'-termini as well as 1t does dCHP addition 1n the cobalt-cacodylate buffer (13) . This was partly overcome by using four times more enzyme units/ pg DNA and twice the triphosphate concentration in the dGMP additions as in the dCMP additions. Even under these conditions, only about one-third of the number of dGMP residues were added compared with the dCMP additions. The Pst I-cleaved pBR322 that was used to clone the prolactin-enriched cDNA had an average of 44 dGMP residues added to its 3'-term1n1. It was annealed to double stranded cDNA with an average of 142 dCMP residues/terminus and used to transform £. coli strain xi776 as described 1n Materials and Methods. A total of 313 transformants were obtained which were tetracycline resistant. These colonies were picked and stored at -20 C in L-Broth + 50% glycerol or L-Broth + 8% dimethylsulfoxide 1n individual wells of Microtitre dishes.
Initial Characterization of the cDNA Clones. The 313 transformants were initially screened for the presence of cDNA sequences by the in situ colony filter hybridization technique of Grunstein and Hogness (15) hybridized to some of the colonies than to others. The 16 colonies to which the [ P]-cDNA hybridized the strongest were grown up in 20 ml cultures, lysed and the size of the recombinant plasmid determined on agarose gels as described previously (21) . The sizes of the cDNA inserts in these recombinant plasmids ranged from about 100 base pairs to about 1000 base pairs.
The three largest plasmids, 3-88, 6-3E and 8-lA.were selected for further characterization. The colony which contains plasmid 3-8B 1s indicated by the arrow 1n Figure 3 . This plasmid was shown by the DNA sequence information summarized in Figure 8 to have a cDNA Insert possessing prolactin-32 coding sequences. Note that it is the colony to which the most [ P]-cDNA hybridizes in this experiment.
The 313 transformants were also screened by the Grunstein and Hogness technique using as radioactive probes the two Hae III-DNA fragments indi- Figure 4A shows the result when the Hae Ill-fragment from the prolactin-enriched cDNA is the probe and figure 4B the result when the Hae Ill-fragment of the growth hormone-enriched cDNA is the probe. DNA sequences in many of transformants hybridize strongly to the Hae Ill-fragment from the prolactin-enriched cDNA (part A). This is as expected since it was the prolactin-enriched total cDNA that was cloned. The two colonies to which the growth hormone Hae III-fragment hybridizes (part B) do not show any detectable hybridization to the prolactin Hae Ill-fragment.
B
In general, the colonies that hybridize the strongest to total prolac- tin-enriched cDNA (Figure 3 ) also hybridize strongly to the Hae Ill-fragment of prolactin-enriched cDNA ( Figure 4A ). There are a few differences in the relative intensities of the spots in Figures 3 and 4A but at least some of those differences are due to experimental variation. For example, colony 3-8B is the strongest spot in Figure 3 (shown by the arrow) but is not the strongest spot in Figure 4A (also indicated by an arrow) even though plasmid 3-8B contains the entire Hae Ill-fragment used as the radioactive probe. Restriction Enzyme Analysis of Three of the cDNA Clones.
Plasmid DNA from 3 clones which showed a-combination of strong hybridization ( Figure 3 ) and an insert size greater than 600 base pairs were isolated by CsCl-ethidium bromide gradient centHfugation. The purified plasmid DNAs were first cleaved by the restriction enzyme Pst I and the products resolved on polyacrylamide slab gels. In each case, Pst I cleaved out the inserted cDNA. The plasmids were then digested with a combination of Pst I and Alu I. The largest Insert (1n plasmid 3-8B) contained 3 Alu I cleavage sites. The other two plasmids contained a subset of the Alu I fragments present in 3-8B. Plasmid 3-8B was thus selected for further characterization with other restriction endonucleases. 
DISCUSSION
The fact that cDNA insert could be cleaved out of the recombinant plasmids by Pst I digestion greatly facilitated characterization of the inserts. Figure 8 shows a sequence of 485 base pairs in the middle of the cDNA insert of plasmid 3-8B that was experimentally determined. All of the restriction enzyme cleavage sites that were predicted to occur in this region by the data summarized in Figure 6 were found. Only those cleavage sites indicated by the symbol A in Figure 8 were labeled for sequence analysis. Figure 8 has a question mark in the non-coding strand of the triplet that specifies alanine 52. This is a position where the actual sequence data is ambiguous. Both DNA strands of the Hpa II -fragment that contains this region were sequenced after terminal labeling and strand separation. The sequence data of the coding strand clearly show the two adjacent C residues at this place in the sequence. However, the sequence data of the non-coding strand clearly show only on£ G residue (instead of two) at this location as indicated by the arrow in Figure 7 . The sequence in which the anomaly occurs is -G(G)CC-, the recognition sequence of Hae III and Hae III cleaves the cDNA insert at this point (psition 204 in Figure 6 ). Furthermore, if the sequence of the coding strand in this region actually j[s_-GGCC-, then the predicted amino acid sequence is exactly the same as the reported sequence. If one nucleotide is absent, then the reading frame is changed from that point on and the amino acid sequence homology is destroyed. Hence the presence of this particular G residue in the non-coding strand seems to have been masked during the partial modification and cleavage reactions and the subsequent polyacrylamide gel resolution system. Only by determining the sequence of both strands in this region was the anomaly detected.
The cloned cDNA was originally synthesized from prolactin-enriched poly(A)-containing RNA. The cell-free translation experiments indicated that this RNA contained about 70X functional prolactin mRNA and 202 functional growth hormone mRNA. However, while over one-half of the 313 transformants contained prolactin coding sequences, only two transformants appeared to have growth hormone coding sequences ( Figure 4B ). The reason for this disparity is not clear. Two possibilities are that growth hormone mRNA was translated more efficiently than prolactin mRNA in the cellfree translation system or that the growth hormone mRNA was copied by reverse transcriptase less efficiently.
Some of the 313 transformants do not hybridize to either the prolactin or the growth hormone Hae Ill-fragment, yet contain cloned cDNA inserts of several hundred base pairs (experiments not shown). Therefore these cDNA molecules must have originated from other poly A-containing RNA species present in the original prolactin-enriched mRNA preparation. One possibility is that they may contain coding sequences for some of the other peptide hormones produced in the pituitary.
The cleavage of pBR322 by Pst I occurs at the end of the codon for amino acid 181 in the penicillinase gene (25, 26) . Villa-Komaroff et al., (27) have inserted insulin-coding DNA sequences at this Pst cleavage site of pBR322 using the same poly (dG):poly (dC) tailing method that was used to construct the recombinant plasmids described here. They showed that if (i) the cDNA insert was in the right orientation and (1i) the length of the poly (dG):poly (dC) boundary maintained the same translational reading frame as the first 181 amino adds of penicillinase, then a fused penidllinaseinsulin protein was synthesized which had both penicillinase and insulin antigenic determinants. Digestion of plasmid 3-8B with Hinc II which cleaves 3-8B twice in the pBR322 sequence and once in the cDNA insert showed that the prolactin coding sequence of 3-8B is in the same orientation as the penicillinase coding sequence on pBR322. Therefore if the penicillinase and prolactin coding sequences are in the same reading frame, then a portion, or all, of the rat prolactin sequence may also be synthesized by ribosomal "read-through" in bacterial cells containing plasmid 3-8B.
